Investigations revealed that tetrachlorodibenzo-p-dioxin (TCDD) 
I. Introduction
Persistent organic pollutants (POPs) include a variety of man-made chemicals, including 75 polychlorinated dibenzo-p-dioxins (PCDDs), 135 polychlorinated dibenzofurans (PCDFs) and 209 polychlorinated biphenyls that have been highlighted by international organizations as chemicals of concern [1]. Dioxin is one of the most widespread, persistent and highly toxic environmental pollutants that known to cause a variety of adverse effects in human and wild animals [2] . Dioxins came into the public eye for the first time in 1982 due to the explosion at the factory in Seveso, Italy. Dioxin is formed naturally during volcanic eruptions and in forest fires, dioxins are produced during synthesis of chlorinated herbicides and pesticides, in waste and medical incinerators and in pulp and paper manufacturing industry [3] . Persistent and hydrophobic nature of dioxins helps their accumulation in soil due to redistribution in environment by dust re-suspension [4] .Human populations' direct exposure to dioxin occurs through food chain. [5] .The most potent and widespread environmental dioxin congener is 2,3,7,8 tetrachlorodibenzo-p-dioxin (TCDD) with many toxic effects, including endocrine disruption, reproductive dysfunction, immunotoxicity, liver damage, and cancer [6] . The main target organ for 2, 3, 7, 8-TCDD differ among animal species but usually affected is the liver [7] Major toxicities of TCDD are initiated by its binding to aryl hydrocarbon receptor (AHR), a ligand-activated transcription factor that regulates expression of numerous genes whom dysregulation leads to major toxicities such as wasting, hepatotoxicity, and lethality [8] . Since environmental dioxin exposure cannot easily be eliminated, it is important to find a safe methodology to be taken chronically to combat unavoidable ingestion of dioxin [2] .
Chitosan is an amino polysaccharide derived from deacetylation of chitin of arthropods and insects exoskeleton and considered a dietary fiber due to indigestibility by digestive enzymes [9] . Chitosan contains three types of reactive functional groups, an amino/acetamido group as well as both primary and secondary hydroxyl groups at C-2, C-3 and C-6 positions, respectively [10] . Chitosan is a cationic polysaccharide, which has many functions in fields of bio medicinal and pharmaceutical products, food preservation and microbial mitigation [11] . Chitosan biodegradation releases non-toxic oligosaccharides as it is being hydrolyzed to ultralow molecular weight chains that pass across intestinal epithelial barrier and become excreted in urine [12] . No clinically significant adverse effects of chitosan have been reported to date, but mild nausea and constipation have commonly occurred particularly at higher doses [13] .
II.
Materials And Methods
II.1 Materials:
Low molecular weight (LMW) chitosan (106-110 KDa) was obtained from Misr Chemia Company, Egypt. 2,3,7,8 tetrachlorodibenzo-p-dioxin (TCDD) was purchased from Willington laboratories, Canada, (CAS No. 1746-01-6) with purity > 99%, soluble in dimethyl sulfoxide (DMSO).
II.2 Experimental animals:
Eighty male albino rats, Sprague Dawley strain weighing 120-140 g were obtained from The National Nutrition Institute animal house and kept individually in stainless steel cages in constant environmental conditions.
II.3 Diets:
Basal diet was prepared according to Ain-93M formulation [14] . Three diets contained basal diets were supplemented with 1.2, 2.4 and 3.6 g (LMW) chitosan/kg diet (chitosan1, 2 and 3 respectively).
II.4 Experimental design:
After one week acclimatization period on basal diet, rats were divided into eight groups (ten rats in each group). G1 (-ve control): received basal diet. G2 ( + ve TCDD): received basal diet and gavaged orally once with 5µg TCDD/kg Bwt at zero time of the experiment. G3, G4 and G5 were fed basal diets supplemented with 1.2, 2.4 and 3.6 g (LMW) chitosan/kg diet (chitosan 1, 2 and 3, respectively). G6, G7 and G8 were gavaged orally once with 5µg TCDD/kg Bwt and fed basal diet supplemented with 1.2, 2.4 or 3.6 g LMW chitosan/kg diet (TCDD + chitosan 1, 2 and 3 respectively). Animals were handled according to [15] . Animals and diets were weighed twice weekly to determine Bwt change, feed intake and feed efficiency ratio {change in Bwt /total food intake} for each group [16] . After 6 weeks, rats were sacrificed by ether anesthesia. Hepatic portal vein blood was collected into heparin free centrifuge tubes, to collect serum by centrifugation at 4000 rpm for 15 minutes. Livers were plotted free of blood and adhering fats then dried between filter papers and weighed. A part of each liver was dipped in 10% formalin for histopathological assessment according to [17] .Other samples were kept at -80 ºC until analysis.
II.5 Biochemical analysis:
Serum aminotransferases (ALT and AST) were determined according to [18, 19] . Alkaline phosphatase (Alk-P) was determined quantitatively according to [20] . Serum total protein (TP) and albumin were measured calorimetrically according to [21] . Globulin was obtained by this formula {TP -albumin} then, albumin is subdivided on globulin to obtain A/G ratio according to [22] .
II.6 Statistics:
All data were analyzed using student's t test, expressed as mean + SE and groups were compared using one -way analysis (ANOVA).
III. Results And Discussion

III.1 Effect of chitosan on feed intake, body weight change (Bwt), feed efficiency ratio (FER) and liver relative weight:
Data in table (1) showed a highly significant decrease in feed intake, body weight and FER with a highly significant increase in relative weight of liver at (p≤ 0.01) in G2 ( + ve TCDD) when compared with G1 (-ve control). Feeding chitosan1 alone in G3 caused a significant decrease in Bwt at (p≤ 0.05) and a highly significant decrease in FER at (p≤ 0.01) when compared with G1 (-ve control).While chitosan 2 and 3 in G4 and G5 caused a highly significant decrease in Bwt and FER at (p≤ 0.01) if compared with G1 (-ve control). Comparing G7 and G8 (TCDD + chitosan 2 and 3) with G2 ( + ve TCDD), a significant decrease in liver relative weight at (p≤ 0.01) could be noticed in G7 and G8 with a highly significant increase in FER at (p≤ 0.01) in G8 only. Our results agreed with [23] who found that Bwt, activity and feed consumption of rats given intragastric 10µg TCDD/kg Bwt decreased from the 5 th day if compared with control rats. That was explained by [24] who suggested that TCDD-induced wasting syndrome is associated with serum lipids increase and disordered lipid distribution. Also, Relative liver weight increased due to fatty vacuolization in rats gavaged with 10 or 30μg TCDD/kg, respectively for 1 week [25]. Moreover, it was found that liver weights decreased by 60 % in animals received 500 mg chitosan oligosaccharide II/kg for 14 consecutive days after an oral dose of 25µg TCDD/kg Bwt. [26] . Body and liver weights of rats that were fed AIN-93G diet for 18d containing 0.125g cholesterol and 10g chitosan/100g diet were significantly lower than controls [27] . Similarly, dietary 5% chitosan to adult SD rats for 6 weeks caused a significant decrease in Bwt and organs weights [28] . Table ( 2) showed a highly significant increase in serum ALT, AST and ALK-P at (p≤ 0.01) in G2 ( + ve TCDD) in relation to G1 (-ve control). In G3 (chitosan1) caused a significant decrease in ALT at (p≤ 0.05) and a highly significant decrease in AST at (p≤ 0.01), while in G4 and G5 (chitosan2 and 3); a highly significant decrease in ALT, AST and ALK-P at (p≤ 0.01) if compared with G1 (-ve control). There is a highly significant decrease in ALT, AST and ALK-P at (p≤ 0.01) in G6, G7 and G8 (TCDD + chitosan1, 2 and 3 respectively) in relation to G2 ( + ve TCDD). Elevation of liver enzymes is used as marker of liver injury due to their leakage from damaged cells [29] . Our results are compatible with [7] who stated that ALT increased steadily after 24 h from giving mice 10 or 30 µg TCDD/kg to a maximum of 260% relative to controls at 168 h, indicative of mild liver injury. Also, a significant elevation of AST was found in adult female rats given a single oral dose of 0.03 µg TCDD/kg Bwt. [30] . When male Wister rats were given 0.75 to 8 µg TCDD/kg Bwt interperitoneally, a highly significant increase in ALT occurred in 21 days [31]. Furthermore, it was found that adult male albino rats pretreated with 200 mg chitosan/kg Bwt orally for 21 consecutive days prior to intraperitoneal 20 mg carbon tetra chloride/kg Bwt significantly ameliorated liver function effectively by decreasing ALT and AST as illustrated by [32] . ALT and AST activity slightly decreased in male SD rats fed hypercholesterolemia induced diets supplemented with 1.2, 2.4 and 3.6 g chitosan/kg diet for 4 weeks [33]. Table ( 3) showed a highly significant increase in TP and globulin with a highly significant decrease in albumin and A/G ratio at (p≤ 0.01) in G2 ( + ve TCDD) in relation to G1 (-ve control). Chitosan3 alone in G5 caused a highly significant increase in A/G ratio at (p≤ 0.01) in relation to G1 (-ve control). Rats in G6 (TCDD + chitosan1) had a significant decrease in globulin at (p≤ 0.05) and a highly significant increase in A/G ratio at (p≤ 0.05) in relation to G2 ( + ve TCDD). In G7 (TCDD + chitosan2), results showed a highly significant decrease in globulin at (p≤ 0.01) with a highly significant increase in A/G ratio when compared with G2 ( + ve TCDD). Feeding chitosan to rats in G8 (TCDD + chitosan3) caused a highly significant increase in albumin and A/G ratio at (p≤ 0.01) with a significant decrease in TP at (p≤ 0.05) and a highly significant decrease in globulin at (p≤ 0.01) in relation to G2 ( + ve TCDD). Our results are compatible with [34] who noticed that serum TP and globulin increased significantly in rats given single oral dose of 0.4 and 40µg TCDD/kg Bwt for 7 days due to hepatotoxicity. Also, TCDD-related decrease in serum albumin was found to be secondary to the hepatotoxic effect of TCDD caused in most experimental animals [35] . TP increased significantly in Syrian hamster male rats (the least sensitive mammalian species to TCDD lethal effects) given 3000µg TCDD/ kg Bwt interperitoneally [36] . TP and globulin increase may be the result of hypertrophic changes in liver and proliferation of endoplasmic reticulum implied by obvious cellular hypertrophy [37] . Contrary to that, an increase in serum albumin in female SD rats gavaged by 250-1000 ng TCDD/kg Bwt for 28 days [38].
III.2 Effect of chitosan on liver function enzymes:
III.3 Effect of chitosan on total protein (TP), albumin, globulin and albumin/ globulin ratio (A/G):
III.4 Effect of chitosan on liver histopathology:
Figures (1-8) illustrates the effect of feeding rats control diet alone or plus chitosan for 6 weeks with or without single oral dose of 5 µg TCDD/ kg Bwt in liver histology. Fig.(1) showing normal hepatic lobule composed of a central vein and masses of liver cells arranged in the form of cords radiating from the central vein and separated from each other by blood sinusoids. The hepatocytes were polyhedral with eosinophilic cytoplasm. Their nuclei were mostly large, open face, with prominent one or more nucleoli G1 (-ve control). In Fig. (2) there is a marked hepatocytes vacuolar degeneration plus chronic inflammatory cells with mild fibrosis and fibrous septa extension. The bottom of the picture showing hepatocytes with deeply basophilic, hyper chromatic nuclei and increased nuclear: cytoplasm ratio in rats gavaged once with 5 µg dioxin / kg Bwt G2 ( + ve TCDD).
No obvious histological changes were noticed in livers of rats in G3, G4 and G5 (chitosan1, 2 and 3 respectively) See Fig. (3-5) with ordinary hepatocytes surrounding central vein within normal architectural. Fig.  (6) showing fibrous tissue septa between hepatocytes with scattered few chronic inflammatory cells and moderate degeneration was noticed. Normo chromatic nuclei with ordinary nuclear: cytoplasmic ratio G6 (TCDD + chitosan1). Fig. (7) showing degenerated hepatocytes with diminished vacuolar degeneration within cytoplasm. Nuclei showed semi normo chromatic with ordinary nuclear: cytoplasmic ratio G7 (TCDD + chitosan2). Fig. (8) showing residual minimal micro vacuolar degeneration within hepatocytes. Binucleated hepatocytes were still seen in rat liver in G8 (TCDD + chitosan3).
Our results are in agreement with [39] who stated that livers of male mice given 5.0μg TCDD/kg showed massive infiltration and increased necrosis with inflammatory cells. Also, rats exposed to TCDD exhibited minimal to moderate hepatocellular hypertrophy in centriacinar regions at 24, 72, and 168 h. The cytoplasm of these enlarged hepatocytes was more granular and eosinophilic and less vacuolated compared to centriacinar hepatocytes of control rats. The severity of these lesions increased with time after exposure and is consistent with reported effects in male SD rats treated with TCDD [34] . In rats received 8 µg TCDD/ kg Bwt hepatic lobules revealed parenchymal degeneration and vacuolization of hepatocytes. Moreover, the number of mitoses was higher and lipid deposits were found in macrophages together with early signs of hepatocyte steatosis [31] . Dietary 3 mg chitosan/ kg Bwt against 3 ml CCl 4 /kg through gavage for 24 hrs protected rat liver and showed only mild lesions with a few necrotic hepatocytes in the centrolobular area, and less inflammatory infiltrate [32] .Also, when mice were administrated interperitoneally 1 mg chitosan/kg Bwt./day, liver central vein dilation caused by 1 mg nicotine/kg Bwt /day) for 7 days decreased significantly [40] . 
IV. Tables And Figures
V. Conclusion
Dioxin is one of the most widespread, persistent and highly toxic environmental pollutants that known to cause a variety of adverse effects in human and wild animals It is clear that, there are few methods have been explored for the remediation of animals exposed to dioxins using nutritional treatments. Reducing TCDD mediated hepato toxic effects resulted from dietary exposure is an effective strategy for protection. This study concluded that a single oral dose of 5 µg 2,3,7,8 tetra chloro dibenzo-p-dioxin has many chronic harmful effects on liver functions and histology. Also, it concludes that addition of chitosan as 1.2, 2.4 and 3.6 g/ kg diet is safe for male albino rats and can amend most of affected features due to chitosan antioxidative properties and its hydroxyl radical scavenging ability.
